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(54) EPA AND/OR DHA-CONTAINING ACIDIC MILKS 



(57) The invention provides dairy products contain- 
ing fish-oil-originated EPA and/or DHA and having oxi- 
dation and emulsification stability. In particular, acidified 
milk containing EPA and/or DHA is provided which has 
oxidation and emulsification stability. The acidified milk 
is milk acidified by addition of an acid, fermented milk, 
or acidified milk containing any of the milk acidified by 
addition of an acid and the fermented milk. The acidified 



milk contains EPA and/or DHA as a fish oil, preferably 
a purified fish oil or a fish oil containing EPA and/or DHA 
in adjusted amount. The acidified milk is produced 
through an emulsification process. Preferably, the emul- 
sification is performed after a fermentation process of 
the acidified milk process through a two-stage emulsifi- 
cation process. A food product containing the acidified 
milk of the invention is also provided. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to acidified milk containina EPA and/or dma w w„ h • 

emulsification stability naming trA and/or DHA, which is superior in oxidation and 

BACKGROUND ART 

the season. During such a periodS^C^ T^T*" 9 °" 

are put in a grinding device, such as a mixer and a mortar an la e around ^anh^ J t ' ' mblbed S ° ybe3nS 
the normal temperature is added in volume about 5 to a tim« Z J.1 T ? 01131 tem P erature while water at 
juice)isthereby P produced.After:eaS gt he T^^^^^^^^^' 
separation process at high temperatures using a a^SEi^l^ dlvi- ' * ****** * 3 S ° lid - |iquid 

fitter press. As a result, soybean milk and be! eSlSS ' " 8 CentrifU9al a " d 3 

[0004] The soybean milk thus produced is provided as Tnfn Aftor h^i«« ^ ^ U u 

conolactone and ca.oium suttate, or as bevies 3£Sj ^XtT^Z^lT^T bittem ' ^ 
ever, beverages containing soybean milk have unpleasant Zte^JJ o« eo"^" end then sealed off. How- 
*eP--e of small amounJo^^^ 

unpleasant tastes have hitherto invited the biggest drfficuttv inSt^f ^ * 3ra,kinds ^saponins, and those 
lactic bacteria fermentation using lactic biteria havJ S iTfT, S0ybe3n m " k - Vari ° US proposals on 
those ProposaMormaskingthe^ 

itr P ~"^ 

SopLalingt™ 

PeoplecaneatTofuareii^ 

andsea.edottina P ortab.eway,therearenoJm^ 

can easily take in the soybean milk as functional foods anyXTe P b6VerageS 3nd people 

[0006] Meanwhile, with recent widespread diffusion of preventive medicine knowiPrino jk^k 
practiceforan increasing number of people to preventively take natTraTorS has become a prevailing 

in a healthy or hatf-healthy condition before they suSm leases °f * Veph y? 0,0 9 ical a <*^ 

Among those foods, fish such as a horse mackerel ^raS^eS^^ ^ themse,ves hea '%- 
natural compounds, i.e., polyunsaturated fat^ acXTnr^n k? C ° nt3inS 3 Sma " amount of effective 

noic acid (DHA), in the form o^ry^ 3Cid (EPA > and d °cosahexae- 

usefu.physio.ogicaiactMties.such as ac ^ ke - Mention because 

and an antiallergic effect, have been found therein o^e ^ZSinZ^ **ZT* "* ^ ,0W6rin9 e1fect ' 

saury, ee., pilchard. JSSJSSS ^^.I^^S"? ^TH' T™ ™ Cker «' 
effects, such as a P ,ate.et aggregation inhC eff^ 

cholesterol lowering effect, and hence have preventive and 77 9 ' d 3 b '°° d VLDL and LDL 

known that depletion of DHA lowers the Zo^eamin^ SC^S^^Kl^ *Tt " * 3,80 
physiological activity effects mentioned above, the fish oHeonXZ EPA and Dh J L C T ^ ^ m3 " y 

a method of r^^SRSSS "JhSSTT T* *° Pe " PU '" teat,< ' n No - 7 - 2S5406 *<*•« 



EP 1 340 427 A1 

respect to the weight of soybean protein in the soybean milk. According to the detailed description in the Publication, 
"a maximum amount of EPA(DHA)-containing liquid fat uniformly dispersible in 1 8 liters of soybean milk (about 650 g 
of protein content) is 1 60 g (about 25 % with respect to the weight Of protein in the soybean milk)", and "if the fat content 
exceeds about 25 %, the fat is not uniformly dispersed and an oil component is separated". 
5 [0009] As another example of the prior art, Japanese Patent Laid-Open Publication No. 1 0-4281 9 discloses "a meth- 
od of producing a beverage containing DHA-mixed soybean milk, the method comprising the steps of adding and 
mixing soybean milk and a DHA-containing fish oil at a weight ratio of 1 : 0.2 to t, thereby preparing an emulsion of 
the DHA-containing fish oil, and further diluting the emulsion with the soybean milk". 

[0010] Further, Japanese Patent Laid-Open Publication No. 6-90662 discloses "a method of producing fermented 
10 milk wherein, when producing fermented milk containing DHA and EPA, DHA and EPA are mixed in raw milk which is 
then subjected to lactic bacterial fermentation, or DHA and EPA are mixed in fermented milk which has been subjected 
to lactic bacterial fermentation". 



15 



DISCLOSURE OF THE INVENTION 



[O011] An object of the present invention is to provide a dairy product, particularly acidified milk, containing fish-oil- 
originated EPA and/or DHA, which Is superior in oxidation and em unification stability. 

[0012] The present invention is intended to achieve the above object and resides in acidified milk containing EPA 
and/or DHA wherein the acidified milk has oxidation and emulsification stability. 

20 [0013] The acidified milk is milk acidified by addition of an acid, fermented milk, or acidified milk containing any of 
the milk acidified by addition of an acid and the fermented milk. In this case, the present invention resides in acidified 
milk containing EPA and/or DHA wherein the acidified milk has oxidation and emulsification stability, the acidified milk 
being milk acidified by addition of an acid, fermented milk, or acidified milk containing any of the milk acidified by 
addition of an acid and the fermented milk. 

25 [0014] The acidified milk contains EPA and/or DHA as a fish oil or preferably a purified fish oil. In this case, the 
present invention resides in acidified milk containing EPA and/or DHA wherein the acidified milk has oxidation and 
emulsification stability, the acidified milk being milk acidified by addition of an acid, fermented milk, or acidified milk 
containing any of the milk acidified by addition of an acid and the fermented milk, EPA and/or DHA being contained 
as a fish oil or preferably a purified fish oil. 

30 [0015] The fish oil contains EPA and/or DHA in adjusted amount. In this case, the present invention resides in acidified 
milk containing EPA and/or DHA wherein the acidified milk has oxidation and emulsification stability, the acidified milk 
being milk acidified by addition of an acid, fermented milk, or acidified milk containing any of the milk acidified by 
addition of an acid and the fermented milk, EPA and/or DHA being contained in adjusted amount as a fish oil or pref- 
erably a purified fish oil. 

35 [001 6] The acidified milk is produced through an emulsification process, which is preferably a two-stage emulsifica- 
tion process and performed after a fermentation process of the acidified milk. In this case, the present invention resides 
in acidified milk containing EPA and/or DHA wherein the acidified milk has oxidation and emulsification stability, the 
acidified milk being milk acidified by addition of an acid, fermented milk, or acidified milk containing any of the milk 
acidified by addition of an acid and the fermented milk, EPA and/or DHA being contained in adjusted amount as a fish 

40 oil or preferably a purified fish oil, the acidified milk being produced through an emulsification process, which is pref- 
erably a two-stage emulsification process and performed after a fermentation process of the acidified milk. 
[0017] Also, the present invention resides in a food product containing acidified milk which contains EPA andfor DHA 
and has oxidation and emulsification stability. 

[0018] In the food product, the acidified milk is milk acidified by addition of an acid, fermented milk, or acidified milk 
45 containing any of the milk acidified by addition of an acid and the fermented milk. In this case, the present invention 
resides in afood product containing acidified milk which contains EPA and/or DHA and has oxidation and emulsification 
stability, the acidified milk being milk acidified by addition of an acid, fermented milk, or acidified milk containing any 
of the milk acidified by addition of an acid and the fermented milk. 

[0019] In the food product, the acidified milk contains EPA and/or DHA as a fish oil or preferably a purified fish oil. 
50 in this case, the present invention resides in a food product containing acidified milk which contains EPA and/or DHA 
and has oxidation and emulsification stability, the acidified milk being milk acidified by addition of an acid, fermented 
milk, or atidifiedmilk. containing any of the milk acidified by .addition of an acid and the fermented milk, EPA and/or 
DHA being contained as a fish oil or preferably a purified fish oil: 

[0020] In the food product, the fish oil contains EPA and/or DHA in adjusted amount. In this case, the present invention 
55 resides in a food product containing acidified milk which contains EPA and/or DHA and has oxidation and emulsiffcation 
stability, the acidified milk being milk acidified by addition of an acid, fermented milk, or acidified milk containing any 
of the milk acidified by addition pf an acid and the fermented milk, EPA and/or DHAbeing contained in adjusted amount 
as a fish oil or preferably a purified fish oil. . . .. . ; 
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[0021] In the food product, the acidified milk is produced through an emulsification process, which is preferably a 
two-stage emulsification process and performed after a fermentation process of the acidified milk. In this case the 
present invention resides in a food product containing acidified milk which contains EPA and/orDHA and has oxidation 
and emulsification stability, the acidified milk being milk acidified by addition of an acid, fermented milk or acidified 
milk containing any of the milk acidified by addition of an acid and the fermented milk, EPA and/or DHA beinq contained 
in adjusted amount as a fish oil or preferably a purified fish oil, the acidified milk being produced through an emulsifi- 
t?eacid,'fie : dmi , |r hiCh * pfeferab * a ""Wfcatton process and performed after a fermentation process of 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Fig. 1 is a graph for explaining oxidation stability of acidified milk. 

Fig. 2 is a graph for explaining an influence caused upon emulsification stability by the order at which an acid is 
added in a production process. 

Fig. 3 is a graph for explaining oxidation stability of fermented soybean milk, fermented milk, soybean milk and milk 
Fig. 4 is a graph for explaining emulsification stability of fermented soybean milk and fermented milk ' 
Fig. 5 is a graph showing a change of whole cholesterol over time resulting from a test in Example 3 
Fig. 6 is a graph showing a change of triglyceride over time resulting from the test in Example 3. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] Acidified milk of the present invention means a variety of dairy products including ones obtained by acidifyinq 
milk, soybean m.lk, orthe like, and others which are acidified by addition of an acid such as lactate, gluconic acid and 
citric acid. The pH value is generally preferably not higherthan about 4.5, but it can be optionally selected depending 
on the types of foods to be produced and preference of tastes. t»na.ng 
[0024] Soybean milk, preferably soybean milk containing 3 % or more of soybean solid part, for use in the present 
invention may be obtained by any suitable method, and it can be, for example, soybean milk produced by a usual 
method from soybeans and/or defatted soybeans. Preferably, skin- and albumen-removed soybeans are used in point 
of providing soybean milk with a better taste. The soybean milk thus produced is provided as a beverage containing 
the soybean milk as it is, or Tofu after being added with a coagulant, e.g.. bittern, gluconolactone and caLm sutfate 
or fermented soybean m.lk (acidified soybean milk) after being subjected to lactic bacteria fermentation Thus the 

IZllZ 2 1 a wT°f ne ^ eCte j" rom r 0 " 9 adjUSted S ° ybean milk ' a bevera 9 e containina soy**™ milk, acidified 
soybean milk, and Tofu obtained by curding soybean milk. 

[0025] Soybean milk can be produced by grinding whole soybeans and/or skin-removed soybeans, which are in a 

KSS 0 " 3ft ! r ° r With ° U J bei 1 9 S ° aked in Waten t0 ° btain soybean i uice - and then b V ^ving insoluble 
fracrjons from the soybean juice through, e.g., filtration. More specifically, soybean milk is produced as follows First 

h«, °viwif/n?\^T 0Ved S0yb6anS ' 3nd/0r Skin ' 9nd alb ^en-removed soybeans are contacted with warm or 
hot water at 50to 100 °C to remove components which are soluble in the warm or hot water. Then, the imbibed soybeans 
are ground to obtain raw soybean juice (or soybean juice). The soybean juice is immediately introduced to a solid- 
hquid separation device, such as a centrifugal separator, for quick separation into solid and liquid parts. A filtrate (soy- 
bean m.lk) obtained after removing an insoluble fraction (solid part called bean curd lees) is preferabV used as the 
soybean milk in the present invention. For grinding the imbibed soybeans, an ordinary grinding device, such as a 

Z 1 Z\l Tin T<T 8 miXer " 030 be USed> The ° btained SOybean milk ma y be ■"»**"* t0 heat sterilization 

at 1 35 to 1 50 °C for 1 to 120 seconds, and then cooled. 

[0 °5 6 L the C3Se ° f fermentin 9 s °y bean mi'* with lactic bacteria, the soybean milk can be produced by a usual 
method from soybeans and/or defatted soybeans, but may preferably contain 1 .0 weight % or less of soluble glucose 
in a dry matenal of the soybean milk forthe purpose of facilitating control of the lactic bacteria fermentation and providinq 
a product having a f.ne fresh taste free from unfavorable tastes. Lactic bacteria assimilation saccharides (e q ol^ 
gosacchandes) are not always required, but addition of those saccharides promotes the lactic bacteria fermentation 
and provides soybean milk having a better taste through the lactic bacteria fermentation. Lactic bacteria for use in the 
lactic bacteria fermentation are not limited to particular ones, but may be strains usually employed in yogurt or may 
be any of combinations of known strains used for improving the taste of the soybean milk. For example, known strains 
of lactjc bactena belonging to such genuses as Lactobacillus bulgaricus, Lactobacillus acidophilus, Lactobacillus casei 
Sfreptococcus thermophilus, Streptococcus thermophilus. Streptococcus lactis, and Bifidobacterium are usable' 
Those lactic bacteria can be used either alone or a combination of two or more selected from among them 
[0027] A fermentation method can be implemented by adding a bulk starter prepared in advance, or by adding frozen 



f 



EP 1 340 427 A1 

concentrated bacteria or freeze-dry concentrated bacteria directly in the soybean milk. Though depending on the tem- 
perature and time of a fermentation process, the amount of added bulk start is t e.g., 0.5 to 15 %, and in the case of 
directly adding lactic bacteria, the amount of the added lactic bacteria is selected so that the onset bacteria density is, 
e.g., not less than 10 5 /ml. 

5 [0028] The lactic bacteria fermentation can be performed at the fermentation temperature of 20 to 50 °C for 3 to 48 
hours and preferably 25 to 45 °C for 4 to 24 hours. 

[0029] A fermentation device may be a similar one as that usually employed for producing fermented milk using milk 
as materials. 

[0030] The fish oil for use in the present invention is a purified fish oil and preferably a purified fish oil containing 28 

10 % or more of EPA. Also, The fish oil may be added with 0.5 % or more of tocopherol as an antioxidant. The purified 
fish oil is produced through a first purification process (degumming -> refining with alkali bleaching -> filtration) in 
which a fish oil from raw material fish, such as sardine, is processed to obtain a raw fish oil, and a second purification 
process (adsorption -» distillation -> deodorization -> addition of antioxidant) in which the raw fish oil is processed into 
the purified fish oil. By carrying out a wintering process in addition to the usual purification process, it is possible to 

is increase the content of polyunsaturated fatty acids such as EPA and DHA. 

[0031] A method of producing mixing fish-oil-originated EPA/DH A in acidified milk comprises steps of preparing acid- 
ified milk through a series of steps, degassing the prepared acidified milk, and then mixing a fish oil in It. In a subsequent 
emulsifying process, to prevent the acidified milk from taking in oxygen, the emulsification Is carried out under an 
atmosphere replaced by nitrogen, or using a mixing device of the type not allowing the soybean milk to take in air. The 

20 emulsification is preferably performed in two stages. Following the first stage of rough emulsification, the second stage 
of fine emulsification is performed immediately without a time lag. After the emulsification process, the soybean milk 
containing the fish oil is subjected to heat sterilization and packed in a container with a packing machine. 
[0032] The acidified milk of the present invention includes various types of products made of soybean milk as a main 
material. The soybean milk includes, for example, raw soybean milk, adjusted soybean milk obtained by processing 

25 r aw soybean milk, and beverages containing soybean milk. 

[0033] A food product containing the acidified milk of the present invention implies foods that are made of acidified 
milk so far, foods that can be partly replaced by acidified milk without problems, and foods to which acidified milk can 
be added without problems. By using the acidified milk of the present invention in the process of producing those foods, 
the fish oil containing EPA/DHA can be easily mixed in the foods. The foods that can be partly replaced by acidified 

30 milk include, for example, dairy products such as milk, yogurt, cheese and butter, lactic bacteria drinks, and emulsion 
products such as margarine and spread. The foods to which acidified milk can be added include, for example, breads, 
cakes, pastes, and sauces. 

[0034] It has proved through experiments that a proper combination of protein contained in milk and acidity is effective 
in achieving oxidation and emulsification stability of EPA/DHA in the acidified milk. 

35 

Examples 

[0035] The present invention will be described below in more detail in connection with Examples. Note that the 
present invention is not limited to the following Examples. 
40 [0036] Fat used in Examples is a purified fish oil made by Nippon Suisan Kaish Ltd. and has physical properties 
shown in Table 1 given below. This purified fish oil is produced through a first purification process (degumming 
refining with alkali -> bleaching filtration) in which a fish oil from raw material fish, such as sardine, is processed to 
obtain a raw fish oil), a wintering process of the raw fish oil, and a second purification process (adsorption distillation 
-» deodorization -» addition of antioxidant) in which the raw fish oil is processed into the purified fish oil. 

45 



Table 1 



Item 


Standards 


Analyzing method 


Properties 


Pale yellow liquid with no significant 
unpleasant odor 


Visual observation and sensuality 
evaluation 


Fatty acid composition 
EPA 
DHA 


28.0 % or more 
12.0% or more 


Gas chromatograph 


Acid value 


1 .00 or less 


Fat analysis method 


Peroxide value 


5.0 meq/kg or less 


Fat analysis method 
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Example 1 



Evaluation of Oxidation Stability 



10 



is 



20 



25 



<Production Method> 

[O037] A sample for evaluation was obtained by dropping an EPA-containing fish oil into soybean milk or soybean 
milk mixed with solutions of gluconic acid and lactate, and performing an emulsification process of the soybean milk 
as described below. 

[O038] Soybean milk used: non-processed soybean milk "Fuji-sunny" made by Fuji Oil K.K. (4.9 % of protein and 
3.0% of fat part) 

[O039] Fat used: purified fish oil (Type 2) made by Nippon Suisan KAISHA LTD.. 

[O040] Production method: An acid (50 % of gluconic acid solution: 0.8 % and 50 % of lactate solution- 0 55 %) was 
added to soybean milk. The soybean milk was then diluted with distilled water so that the soybean milk concentration 
was 42.5 %. The diluted soybean milk was subjected to pre-emulsification at 8,000 rpm for 2 minutes using TK HOMO 
MIXER (made by Tokushu Kika K.K.) while dropping an EPA-containing fish oil. An emulsion was then obtained after 
sonication (120 w) for 10 minutes. Another emulsion was also obtained in a similar manner just by changing the order 
at which the acid is added. Specifically, another emulsion was prepared by adding the same acid to soybean milk into 
which an EPA-containing fish oil hasalready been dropped, and emulsifying the soybean milk containing the acid again. 

<Evaluation Method> 



[0041 ] Each 1 0 ml of the above-mentioned samples was put in a gas chromatograph vial with a capacity of 30 ml 
and then measured for the oxygen concentration in a head space of the vial by a gas chromatograph while keeping 
temperature at 5 "C. Further, a sample containing only the soybean milk and the acid with no addition of any fat was 
put in the gas chromatograph vial, and then measured for the oxygen concentration in the head space of the vial 
likewise while keeping temperature at 5 °C. According to the following equations, that measured value of the sample 
blank was subtracted from the above measured value of the sample to obtain the oxygen absorption rate of the fish 
oil, and the oxygen absorption rate was calculated based on the oxygen amount in the head space for each sam D le 
30 Calculated results are shown in Fig. 1 . 

(oxygen absorption rate of sample) - (oxygen absorption rate of 
3s sample blank) = (oxygen absorption rate of fish oil) 

(oxygen absorption rate (%)) = (oxygen absorption rate of fish oil) x 
40 1 00 / (oxygen amount in head space) %,} 

<Results> 

1 . Evaluation of Oxidation Stability 

45 

[0042] As shown in Fig. 1 , it was apparent that the sample containing the soybean milk and the acid was much more 
effective in suppressing the oxygen absorption amount than the sample containing the soybean milk alone and ex- 
hibited much better results. 

so 2. Evaluation of Emulsification Stability 

[0043] Emulsification stability was evaluated by visually observing an change in the state of emulsification of each 
sample. Observed results are shown in Table 2 given below. 

[0044] For emulsification stability, satisfactory results were obtained in all of the samples. The grain size distribution 
55 of each sample immediately after the preparation is shown in Fig. 2, and mean ± standard deviation of the qrain size 
is listed for each sample in Table 3 given below. 

[0045] The sample.containing the soybean milk and the acid had a tendency to increase the mean grain size to some 
extent. In all of the samples,.however, themean grain size was on the order of several microns, and neither aggregation 
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nor precipitation were observed during a period of preservation. 



Table 2 



State of emulsification 


Sample/Preservation days 


2 


5 


7 


14 


21 


Soybean milk + fish oil 


G 


G 


G 


G 


C 


Soybean milk + acid + fish oil 


G 


G 


G 


G 


G,C 


Soybean milk + fish oil + acid 


G 


G 


G 


G 


G 



Slate of emulsification G: good, C: creaming, and AP: aggregation and/or precipitation 



Table 3 



Mean ± Standard Deviation 


Soybean milk + fish oil 


| 1.34± 


0.18 


Soybean milk + acid + fish oil 


| 4.87 ± 


0.41 


Soybean milk + fish oil + acid 


| 6.51 ± 


0.32 



20 

Example 2 

Evaluation of Oxidation Stability 
25 <Production Method> 

[0046] Samples for evaluation were obtained by dropping an EPA-containing fish oil into various kinds of protein 
solutions. 

[0047] Protein solutions used include soybean milk (non-processed soybean milk "Fuji-sunny" made by Fuji Oil K. 

30 K., 9.1 % of solid part, 4.9 % of protein, 3.0 % of fat part, 0.9 % of carbohydroxide, and 0.3 % of ash); fermented 
soybean milk (fermented soybean milk "Fuji-sunny" made by Fuji Oil K.K., 12.5 % of solid part, 4.0 % of protein, 2.4 
% of fat part, 5.7 % of carbohydroxide, and 0.4 % of ash); milk (component non-processed 3.6 milk made by Meiji Milk 
Products K.K., 3.1 % of protein, 3.7 % of fat part, 4.9 % of carbohydroxide, 8.3 % of non-fat milk solid, and 3.6 % of 
milk fat); and fermented milk (drink plain yogurt made by Tohoku Kyodo Milk Products K.K., 3.05 % of protein, 3.15 % 

55 of fat part, 4.55 % of carbohydroxide, 8 % of non-fat milk solid, and 3 % of milk fat). Also, the purified fish oil used was 
DD Oil Type 2 made by Nippon Suisan KAISHA LTD.., which contained 28 % of EPA and 12 % of DHA. 
[0048] Production method: Each of the protein solutions was diluted with distilled water so that the protein content 
was 1 .7 %. The diluted protein solutions was subjected to pre-emulsification at 8 : 000 rpm for 2 minutes using TK HOMO 
MIXER (made by Tokushu Kika K.K.) while dropping an EPA-containing fish oil. An emulsion was then obtained after 

40 sonication (1 20 w) for 1 0 minutes. 

<Evaluation Method> 

[0049] Each 10 ml of the above-mentioned samples was put in a gas chromatograph vial with a capacity of 30 ml, 
45 and then measured for the oxygen concentration in a head space of the vial by a gas chromatograph while keeping 
temperature at 5 P C. Further, a sample containing only the protein solutions with no addition of any fat was put in the 
gas chromatograph vial, and then measured for the oxygen concentration in the head space of the vial likewise while 
keeping temperature at 5 °C. According to the following equations, that measured value of the sample blank was 
subtracted from the above measured value of the sample to obtain the oxygen absorption rate of the fish oil, and the 
so oxygen absorption rate was calculated based on the oxygen amount in the head space for each sample. Calculated 
results are shown in Fig. 3. 



(oxygen absorption rate of sample) - (oxygen absorption rate of 



55 



sample blank) = (oxygen absorption rate of fish oil) 
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(oxygen absorption rate (%)) = (oxygen absorption rate of fish oil) x 
1 00 / (oxygen amount in head space) 

5 

<Results> 

1 . Evaluation of Oxidation Stability 

10 [00501 As shown in Fig. 3, the oxidation stability was held in a more satisfactory state in the order of fermented 
soybean milk > fermented milk > soybean milk > milk. Apparently, the fermented soybean milk and the fermented milk 
were more effective in suppressing the oxygen absorption amount than the usual milk and soybean milk, and exhibited 
better results. Among them, in particular, the fermented soybean milk exhibited the most factory result. 

15 2. Evaluation of Emulsification Stability 

[0051 ] Emulsification stability was evaluated for the fermented soybean milk and the fermented milk, which are su- 
perior in oxidation stability, by visually observing an change in the state of emulsification of each sample. Observed 
results are shown in Table 4 given below. 
20 [0052] More satisfactory emulsification stability was obtained in the order of the fermented soybean milk » the 
fermented milk. Thus, the fermented soybean milk was superiorto the fermented milk in point of emulsification stability. 
[0053] The grain size distribution of each sample immediately after the preparation is shown in Fig, 4, and mean + 
standard deviation of the grain size is listed for each sample in Table 5 given below. 

[0054] For the fermented milk, the mean grain size was relatively large, and aggregation occurred between emulsion 
25 grains and precipitation was observed during a period of preservation. 



Table 4 



State of emulsification 


Sample/Preservation days 


3 


7 


14 


17 


22 


Fermented milk 


G 


G 


C 


GC 


AP 


Fermented soybean milk 


G 


G 


G 


G 


GC 



State of emulsification G: good, C: creaming, and AP: aggregation and precipitation 
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Table 5 



Mean t Standard Deviation 


Fermented milk 


32.60 ±0.23 


Fermented soybean milk : 


3.63 ± 0.52 



Example 3 



Clinical Test on Healthy Volunteers 
<Sample Used> 

[0055] A sample used was fermented soybean milk (one 125-ml bottle mixed with 900 mg of EPA and 350 mg of 
DHA) in which a purified fish oil containing eicosapentaenoic acid and docosahexaenoic acid (referred to as "EPA-DHA" 
hereinafter). The nutrient composition and material combination ratio of the used sample are listed in Tables 6 and 7 
given below. The fermented soybean milk was a commercialized one made by Fuji Oil K.K., and the purified fish oil 
containing EPA-DHA was a commercialized one made by Nippon Suisan Kaisha Ltd. 

<Subjects> 

[0056] Eleven volunteers (mean age of 41 .9 ± 8.5, male) were selected who had serum trigiycride values of not less 
than 150 mg/dl and serum whole cholesterol values of not less than 200 mg/dl, and were living in healthy conditions. 
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<Test Method> 

[0057] Each of the volunteers continued drinking one bottle of a beverage mixed with the purified fish oil containing 
E PA- DHA (one 1 25-ml bottle mixed with 900 mg of EPA and 350 mg of DHA) per day for three months. After about 12 
weeks from starting to take in the beverage, a change of serum fat was measured. 

<Results> 

[0058] The serum whole cholesterol value was reduced from 231 ± 31 mg/dl (mean ± standard deviation, this similarly 
applied to values given below) at the time of starting to take in the beverage down to 21 1 ± 36.4 mg/dl, i.e., 8.7 %, after 
1 2 weeks (Fig. 5). Also, the serum triglycride value was reduced from 236.8 ± 88.2 mg/dl at the time of starting to take 
in the beverage down to 156.8 ± 56.4 mg/dl, i.e., 33.8 %, after 12 weeks (Fig. 6). During the test period, neither 
problematic side effects nor drop-out examples occurred. It was hence confirmed from those results that the fermented 
soybean milk containing EPA are foods which people are able to drink continuously and which are useful for health 
care of persons having relatively high serum fat values. 



Table 6 



Nutrient Composition of Tested Food Product 


Analysis item 


Unit 




Water 


9 


108.3 


Protein 


g 


2.0 


Fat 


g 


5.1 


Ash 


g 


0.1 


Carbohydrate 


g 


0.1 


Energy 


kcal 


79.3 


Sodium 


mg 


21.0 


Eicosapentaenoic acid (EPA) 


g 


0.84 


Docosahexaenoic acid (DHA) 


g 


0.35 



Table 7 



Combination Ratio of Materials 


Materials 


Composition ratio 


Fermented soybean milk 


42.4% 


Purified fish oil containing EPA-DHA 


2.6 % 


Other sweetener, flavor, etc. 


4.4 % 


Water 


50.5 % 



Example 4 

[0059] A preservability test was conducted on two samples of fermented soybean milk which were each obtained 
using the same purified fish oil and fermented soybean milk as those used in Example 3, and which contained 1 .71 % 
and 2.57 % of purified fish oil, respectively, as well as on a control sample containing only fermented soybean milk 
added with no fish oil. Each of the samples was preserved in a condition being packed in an aluminum -coated brick pack. 
[0060] Evaluation was made in four-stage ratings for fat separation, five-stage ratings for precipitation, and four- 
stage ratings for the occurrence of fish odor. 

<Ratings for Fat Separation> 

[0061] 

1 : no separation of oil component 

2: creaming (-: a part of the liquid surface becomes cloudy, ± : a half of the liquid surface becomes cloudy, +: most 
of the liquid surface becomes cloudy, and ++: the whole of the liquid surface becomes cloudy) 
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3: fat separation 



<Ratings for Precipitation> 



[0062] 



10 



20 



25 



30 



35 



40 



45 



1 : no precipitation 

2: precipitation in a part of the bottom surface 
3: a half of the bottom surface covered 
4: most of the bottom surface covered 
5: the whole of the bottom surface covered 



( ): (+) no dispersion occurred even upon shaking 
is <Ratings for Occurrence of Fish Odor> 
[O063] 



1: no fish odor perceived 

2: fish odor slight perceived (at such a level as not perceived by smelling, but perceivable upon drinking) 

3: fish odor perceived (at such a level that a fish odor is perceived when people smell intentionally) 

4: fish odor apparent perceived (at such a level that a fish odor is apparently smelt and people feel unpleasant) 

[0064] The grain size was measured on the median diameter using a laser grain size analyzer made by Horiba Mfg. 
K.K. 

[0065] Evaluated and measured results are listed in Tables 8, 9 and 10 given below. 

[0066] In each Table, one month in an accelerated test (preservation at 35 °C) corresponds to about three months 
at the room temperature (25 °C). 

[0067] As a result of the accelerated test, no fat separation was found and just a slight concentration gradient oc- 
curred. 

[0068] The level 2 in the occurrence of fish odor represents a level allowable as commercial goods. 

Table 8 
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Fermented Soybean Milk Added with No Fish Oil 


Preservation period 


Just after production 


After preservationfor 1 month 


Preservation temperature 




5°C 


20°C 


35°C 


Solid part (%) 


8.92 


8.88 


8.88 


8.91 


pH (15°C) 


3.69 


3.66 


3.69 


3.69 


Grain size change (urn) 




0.09 


0.3 


0.18 


Oil layer separation 


1 


1 


1 


1 


Precipitation 


1 


2 


2 


2 


Color tone L 


86.1 


86.18 


86.09 


86.02 


a 


-1.36 


-1.13 


-1.01 


-1.01 


b 


10.56 


10.35 


10.19 


10.99 


AE (just after production) 




0.32 


0.51 


0.56 



%.} 



Table 9 



Fermented Soybean Milk Added with 1 .7 % of Fish Oil 


Preservation period 


Just after production 


After preservation for 1 month 


Preservation temperature 


— 5°C 


20°C 35°C 



in 
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Table 9 (continued) 



Fermented Soybean Milk Added with 1 .7 % of Fish Oil 


Preservation period 


Just after production 


After preservation for 1 month 


Solid part (%) 


1 U.O 


•in 7H 
TO./ l 


10./ l 


10.71 


pn [id 


3.7 


3.69 


3.72 


3.72 


Grain size change foxm) 




o ytQ 
-u.**y 




A O /I 

-U.o4 I 


Oil Isawor conoratiAn 
Ull IdytJi ofcjpdldLlUn 


1 


2(±) 


2(±) 


2(±) 


Precipitation 


1 


2 


4 


5 


Color tone L 


88.51 


88.56 


88.47 


88.36 


a 


-1.1 


-1.03 


-0.95 


-1.03 


b 


9.51 


9.61 


9.88 


10.78 


AE (just after production) 




0.13 


0.4 


1.28 


Occurrence of fish odor 


1 


1 


1 ; 


2 



20 

Table 10 



Fermented Soybean Milk Added with 2.S7 % of Fish Oil 


Preservation period 


Just after production 


After preservation for 1 month 


Preservation temperature 




5°C 


20°C 


35°C 


Solid part (%) 


11.92 


11.88 


11.88 


11.88 


pH (15°C) 


3.72 


3.69 


3.72 


3.73 


Grain size change (jim) 




0.69 


0.61 


0.52 


Oil layer separation 


1 


2(±) 


2(±) 


2(±) 


Precipitation 


i 


4 


5(+) 


5(+) 


Color tone L 


88.76 


88.82 


88.72 


88.57 


a 


-1.11 


-1 .02 


-0.93 


-0.96 


b 


9.46 


9.62 


9.94 


10.81 


AE (just after production) 




0.19 


0.51 


1.37 


Occurrence of fish odor 


2 


2 


2 


3 



INDUSTRIAL APPLICABILITY 

[0069] According to the present invention, acidified milk containing EPA-DHA can be provided which has oxidation 
iand emulsification stability, which does not cause a fish odor originating from a fish oil used as materials, which is 
4s superior in taste, smell and texture, which shows good preservability of EPA-DHA, and which enables people to take 
in EPA-DHA together with acidified milk as a good protein source. 

[0070] Also, according to the present invention, acidified milk containing EPA-DHA can be provided, which is pro- 
duced by adding a required amount fat (fish oil) to acidified milk through an emulsification process without exposing 
the fish oil to oxygen, and hence which has oxidation and emulsification stability. 

50 

Claims 

1 . An oxidation-resistant and emulsif batioh-stable acidified milk containing EPA and/or DHA. 

55 2. An acidified milk according to Claim 1 , wherein the acidified milk is a milk acidified by addition of an acid, a fermented 
milk, or an acidified milk containing any of the milk acidified by addition of an acid and/or the fermented milk. 
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3. An acidified milk according to Claim 1 or 2, wherein the acidified milk contains EPA and/or DHA as a fish oil. 

4. An acidified milk according to Claim 3, wherein the fish oil is a purified fish oil. 

5. An acidified milk according to Claim 3 or 4, wherein the contents of EPA and/or DHA in the fish oil is adjusted. 

6. An acidified milk according to any one of Claims 1 to 5, wherein the acidified milk is produced through an ernulsi- 
fication process. 

7. An acidified milk according to Claim 6, wherein the emulsification process is a two-stage emulsification process. 

8. An acidified milk according to Claim 6 or 7, wherein the emulsification process is performed after a fermentation 
process of the fermented milk. 

9. A food product containing acidified milk according to any one of Claims 1 to 8. 



40 



45 



50 
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Fig.l 




7 14 
Days 



21 



Soybean mi Ik + fish oil 

Soybean milk + fish oil 
+ acid 

Soybean mi Ik + acid 
* fish oi I 



Fig.2 




1 10 100 1000 

Grain size (//m) 



Soybean milk ♦ fish oil 

Soybean mi Ik + acid 
+ fish oi I 

Soybean mi Ik + fish oil 
+ acid 
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Fig.5 



Change of whole cholesterol over time 




start 2weeks 4weeks 6weeks 8«eeks lOweeks 12weeks 



Fig.6 

Change of triglyceride over time 
400 

300 — F — 



200 




100 — ± - 1 

o 
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